Oceanic eddies continuously migrate westward, in part, oxving to /•, which means that eventually they would reach a western boundary. Therefore the study of the collision of anticyclonic, lens-like eddies with a meridional western boundary is of scientific interest. Although this paper does not relate to any particular region, our principal motivation is the collision of .. anticyclonic vortices with the continental shelf of the Tamaulipas coast in the Gulf of M•xico. For example, the Loop Current regularly produces anticyclonic eddies when "the loop" breaks off from the main current [Ichiye, 1962; Elliott, 1982] . Once the vortices are isolated, with 100 to 200 km radii [Vukovich et al., 1979 the eddies are invariably deformed with the initial collision, they eventually reacquire a circular shape. More important, we found that after the collision there is a meridional translation of the eddy along the wall that depends exclusively on the initial ratio r -•/fi; if r > 1, the eddy goes southward, but if r < i the eddy goes northward first and then southward.
We derived a simple formula for this meridional translation of the eddy, which is consistent with the numerical results.
There have been several theoretical and observational studies of the collision of eddies against boundaries. Other previous studies about the eddy's migration along free slip walls consider the image effect, i.e., the influence of the. eddy's image necessary to satisf.v the nonormal flow boundary condition (see, e.g., Pierrehumbert [1980] and Shi and Nof [1994] , for barotropic a•d baroclinic eddies, respectively). In these cases a northward (southward) drift is predicted for anticyclonic (cyclonic) vortices. However, this result cannot be applied to strong. lens-like eddies. We should recall that as the effect of nonlinearities increases, the motion is no longer quasi-gec•strophic, annulling the existence of the. stream function; that is, there is no longer a one-.to-one relation between the stream function and the velocity field, and the image effect no longer can be established.
Rossby
An important process during the collision of anticyclones is the presence of a southward mass expulsion. This has been shown by Nor [19884, b] through simple laboratory experiments. Besides confirming Nof's re-. sults, we found that this expulsion plays a decisive role in the evolution of the colliding eddy.
Oceanographic observations of eddy-shelf interaction show no definite pattern for the migration of eddies. Evans et al. [1985] show southwestward migration along the isobaths for Gulf Stream warm-core ring 82B. Kirwan et al. [1988] identify two anticyclonic eddies in the Gulf of Mexico that collide with the Mexican shelf and report that after the collision both of them undergo a brief adjustment and then migrate northward (but, in fact, after one of the eddies turned away a few kilometers from the slope, it changed its migration from northward to southward). Vukovich and Waddell [1991] describe the collision of an anticyclonic eddy with the western slope in the Gulf of Mexico in which the vortex adjusts to an elliptical shape with the major semiaxis oriented meridionally, rotating clockwise, and then migrates southward while decreasing in size. These observational studies serve as motivation and offer guidance to our work; but, obviously, neither this study nor the previous model studies pretend to fully explain these observations. Recall that all model studies rely on dra, stic simplifications. Perhaps realistic simulations should include advection by coastal currents, topographic effects, interaction with other eddies, and/or other phe- The kinematic boundary condition at rigid walls is that there be no flow normal to the boundary. In our Eulerian-Lagrangian method we implement this condition assuming that the particles rebound ellastically from the wall, as explained in Appendix A. 
Numerical Implementation
In the PIC method used to solve (1)-(3) the aaive layer is approximated by a large number N of particles, whereas the passive layer is represented by regions with no particles. Essentially, this method solves at every time step the following system for each particle: 
Meridional Migration
In order to understand the eddy's behavior interacting with the wall, we now obtain an analytical expression for the meridional migration. Owing to the problem's complexity, some assumptions are necessary, but the main physical mechanisms are considered. We fol- The results showed a large southward mass expulsion and a weak northward migration. Afterward, the eddies recovered their circular shape and moved southward as before.
On the other hand, barotropic and quasi-geostrophic eddies are dominated by the image effect [Pierrehumbert, 1980; $hi and Nor, 1994]; that is, along a western wall, anticyclones move northward. $hi and Nor [1994] concluded that the same rule could be applied for lens-like eddies. We agree with the former result, where the influence of the undisturbed surrounding fluid might be decisive on the eddy's motion. However, we believe the image effect could not be established for lens-like eddies. In fact, we should recall that as e --+ 1, i.e., as the effect of nonlinearities increases, the motion is no longer quasi-geostrophic and voids the existence of the stream function. The analogy between vortices and electric charges in electrostatics, namely, X72(I) = q, where (I) is the electric potential (stream function) and q is the electric charge (relative vorticity), which is implied when invoking the image effect, can no longer be established.
Eddy Readjustment
The meridional movement along the wall is associated to the changes in • and/3 due to the mass expulsion. That is, • increases by energy conservation because as the eddy loses mass, the depth and the potential energy decrease, while the kinetic energy increases. On the other hand, /• decreases simply because the radius is decreasing.
After the collision the remanent eddy tends to reacquire a circular shape, and we can expec. t the northward impulse to diminish. Also, the increasing of nonlinearities induces the final effect to be the southward migration. Note that the/3 force also decreases, but this does not hinder the southward movement.
Conclusions
We have studied the collision of anticyclonic, lens-like eddies with a meridional western boundary by means of a numerical model. A particle-in-cell method is used to solve the reduced-gravity shallow water equations on a • plane. The collision has been explored for the first time in full parameter space, namely, as a function of two independent, nondimensional numbers' 3 -3oR/fo and • -w/fo, which measure the eddy's size and intensity, respectively.
When the eddy collides with the wall, it expels mass to the south. The amount of expelled mass has been estimated, and it is proportional to • and 3 ( One way to test the validity of the boundary condition is to repeat some runs, making the particles rebound in a random direction but preserving the speed magnitude to avoid loss of energy. The results we found with both types of rebound were qualitatively very similar. We also tested some other variations to the boundary condition, for example, replacing the particle to its original position and changing only the sign of the norreal velocity con•ponent u, repositioning the particle on the boundary and setting u to zero, and changing only the sign of • without any reposition of the particle. In all these variations we found only small changes in the results. b•t,, in general the behavior of the eddy was the' same. The reason for this apparent insensitivity to variations of the boundary condition is related to the small changes in the position of the particles when they arrive at the wall. This means that, when they rebound, they are repositioned, at most, 0.5 km, while the grid size is 10 kin. Thus it, is of little importance how we make this repositioning because the overall influence over the grid (and the pressure gradients) is very small. In the cases xvhere xve set u-0, the energy is not conserx ed as in the elastic rebound because we are eliminating one component of the velocity.
Appendix B' Quantitative Measurement of the Expelled Mass
Here we describe how we measured the eddy's mass expulsion in the second experiment. These measure-.
